The obturator artery usually arises as one of the branches of the internal iliac artery. It courses anteriorly on the lateral wall of pelvis to the obturator foramen. Within the pelvis, the obturator artery gives off several branches, which supply the surrounding structures including the iliacus muscle and urinary bladder. After the obturator artery leaves the pelvic cavity through the obturator foramen and obturator canal, it supplies the adductor muscles of the thigh and head of the femur [1] [2] [3] .
Introduction
The obturator artery usually arises as one of the branches of the internal iliac artery. It courses anteriorly on the lateral wall of pelvis to the obturator foramen. Within the pelvis, the obturator artery gives off several branches, which supply the surrounding structures including the iliacus muscle and urinary bladder. After the obturator artery leaves the pelvic cavity through the obturator foramen and obturator canal, it supplies the adductor muscles of the thigh and head of the femur [1] [2] [3] .
It has been widely known that there is variation in the origin of obturator artery, which has been reported in cadaveric studies from several countries [4] [5] [6] [7] [8] [9] [10] . According to these reports, the obturator artery arises from the external iliac arterial system instead of the internal iliac artery in approximately 8 to 40% of cases. These anatomic investigations demonstrated that the most common form of variation was its origin from the inferior epigastric artery, while direct origin from the external iliac artery was not very common. Although variations in the origin of obturator artery are commonly observed, such cadaveric study has not been performed in Korea. During the past two years of dissection during the anatomy course for first-year medical students, we have observed the presence of variant obturator arteries. Hence, we have studied the variation in the origin of the obturator artery along with characteristics of the artery, such as bilaterality, sidedness, gender relation, and frequency. ers, which had been donated to the Chungbuk National University for medical education and research. The male adult cadavers (n= =13) were aged between 53 and 81 years, and female adult cadavers (n= =5) were aged between 65 and 85 years. All cadavers were fixed with embalming fluid (10% formalin, 50% ethanol, 5% glycerin, and 5% phenol), and routine dissections were carried out by firstyear medical students at Chungbuk National University during the anatomy course between 2012 and 2013. The origins of obturator artery were examined macroscopically, and detailed dissections were performed. Photographs were taken using a Nikon D90 digital camera.
Results
In most of cadavers, a common anatomic pattern of obturator arteries was observed. The obturator arteries originated from the internal iliac arteries in 88.9% (16/18) of cases or in 91.7% (33/36) of pelvic halves (Fig. 1A) . Among all cadaveric subjects, one female subject was found to have bilateral variations in obturator artery anatomy. In that cadaver, the obturator arteries originated from the external iliac arteries as a branch of the inferior epigastric arteries (Fig. 1B) . One male subject had the same anatomic variation. However, this variation existed only on the left side of pelvis. The obturator artery arose from inferior epigastric artery at a distance of 1 to 2.4 cm from origin point of inferior epigastric artery, and the obturator artery ran inferiorly and medially, with the inferior epigastric artery running superiorly and laterally (Fig. 1B) . However, additional obturator arteries such as those from the internal iliac artery were not observed. The normal obturator arteries laid posterior to, and ran parallel along, the obturator nerve, towards the obturator foramen (Fig. 1A) . In contrast to the normal topographic relationship, the variant obturator artery laid anterior to the obturator nerve (Fig. 1B) . In summary, the variant obturator artery was observed in 11.1% (2/18) of cadavers or in 8.3% (3/36) of pelvic halves. It was observed in 7.7% (1/13) of male cadavers and in 20% (1/5) of female cadavers. Bilateral presence of the variant obturator artery was observed in 5.6% (1/18) of cadavers, and was observed in 20% (1/5) of the female cadavers, whereas this was not observed in male cadavers. Variant obturator artery was observed more frequently on the left side (2/18) than on the right side (1/18).
Discussion
In the present study, the variant obturator arteries were found in 11.1% (2/18) of cadavers or in 8.3% (3/36) of pelvic halves. The only variant origin of the obturator artery observed in the present study was that from the external iliac artery as a branch of the inferior epigastric artery. It has been reported that the obturator artery could originate from the external iliac artery and from the femoral artery [4] . Of these, the latter was very rare [4] . It is widely known that in cases when the obturator artery originates from the external iliac artery, it usually arises from the inferior epigastric artery [4] [5] [6] [7] [8] [9] [10] . The frequency of this variant obturator artery has been reported in several studies (Table 1) . Although investigators have found the incidence of variant obturator artery to be different across races and countries [4, 6] , the incidence (8.3%) of pelvic halves of Korean cadavers in the present study was similar to the incidence reported from a Japanese study [8] . No variant obturator artery was found to originate directly from the external iliac artery in the present study. The incidence of direct origin was reported to be considerably lower than that of origin from the inferior epigastric artery, which had been reported in 1.3% to 5.1% of pelvic halves [4, 5, 9, 10] and in 25% of whole pelvis [6] .
By the relative diameters of these arteries, Jakunowicz and Czarniawska-Grzesinska [5] clearly categorized the obturator artery variants into two types: one arising from a common trunk with the inferior epigastric artery and the other arising from the inferior epigastric artery. In the former variant, the two arteries have same diameters, and the diameter of inferior epigastric artery is larger than that of the obturator artery in the latter variant. According to this classification, all cases from our study belonged to the type arising from a common trunk. However, the use of the term 'common trunk' is likely to be improper from an embryological point of view. The obturator artery and the inferior epigastric artery have individual pubic branches that are connected to each other at early developmental stages ( Fig.  2A) . During normal development, this connection between the pubic branches should disappear (Fig. 2B) . However, if the proximal part of obturator artery is resorbed instead of the pubic branches, variant obturator arteries could be formed by the pubic branches of inferior epigastric artery and the obturator artery, or by the distal part of the obturator artery (Fig. 2C) . Consequently, the variant obturator artery might originate from the external iliac artery as a branch of the inferior epigastric artery (Fig. 2D ). Although very rare, if the pubic branches remain and the proximal part of inferior epigastric artery disappears, the inferior epigastric artery could arise from the obturator artery that originated from the internal iliac artery [8, 11] .
With regard to the incidence of bilaterality of variant obturator artery, bilateral presence of variant obturator arteries was less frequent than unilateral presence [4, 12] . According to a large study from the US, 16.9% of cadavers showed bilateral presence of variant obturator artery, while 30.9% of cadavers had unilateral presence of variant obturator artery [4] . In that study, bilateral presence of variant obturator artery was more frequently observed in female subjects (31.8%) than in male subjects (15.8%). Further, variant obturator arteries were more frequently observed on the left side than on the right side of pelvis [4] . Although we studied only 36 pelvic halves, the trend observed in Korean cadavers was consistent with that of American cadavers in terms of incidence of bilaterality and sidedness, and differential frequency in both sexes.
It was speculated that variation in the origin of obturator artery does not cause clinical problems in individuals and is occasionally detected during cadaveric dissections or autopsies [13] . Many authors have mentioned that variation in the origin of obturator artery might have to be considered by surgeons treating femoral or obturator hernia [7, 9] and controlling hemorrhage in the pelvic region [14] , and by radiologists interpreting angiograms of the pelvis [13] . The clinical importance of variant obturator arteries is highlighted by a recent angiographic study in which variant obturator artery was observed at a higher frequency than previously found in cadaveric studies [12] . Using angiography in pelvic trauma patients, the incidence of variant obturator arteries, bilateral or unilateral, was 55.1% in all American patients [12] . Considering this clinical importance, further studies with larger number of Korean cadavers are required to further elucidate anatomic characteristics, such as bilaterality, sidedness, gender relation, and frequency of the variation.
In conclusion, variant obturator arteries were observed in 8.3% of the pelvic halves from Korean cadavers, and all of the variant obturator arteries arose from the external iliac arteries as branches of the inferior epigastric arteries.
